Recent Foraminifera From the Firth of Clyde by Ahmed, Mohammed Abou-Ouf Sayed
RECENT FORAMINIFERA FROM THE FIRTH OF CLYDE!
THESIS









INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.
In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.
uest
ProQuest 11018024
Published by ProQuest LLC(2018). Copyright of the Dissertation is held by the Author.
All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode
Microform Edition © ProQuest LLC.
ProQuest LLC.
789 East Eisenhower Parkway 
P.O. Box 1346 
Ann Arbor, Ml 48106- 1346
CONTENTS
Page
A cknow ledgem ents I




Location of the area 2
Material and methods 5
CHAPTER 2
Quantitative distribution analysis of the dead fauna 8





Factors that might have distorted the L/D ratio 23






The a u th o r  w ish e s  to  th a n k  D r. M. C. Keen f o r  h i s  v a lu a b le  
s u g g e s t io n s  w ith o u t w hich t h i s  t h e s i s  c o u ld  n o t  have  b een  f in i s h e d ,  
and f o r  th e  in v a lu a b le  h e lp  i n  c o l l e c t i n g  th e  sam p les , som etim es i n  
v e ry  h a r s h  w e a th e r  c o n d i t io n s .
I t  i s  a  p le a s u r e  to  r e c o r d  my th a n k s  to  a l l  th o se  who have 
h e lp e d  to  p ro d u ce  t h i s  r e p o r t :  M iss D. V a il  who c a r e f u l l y  ty p e d  th e
m a n u s c r ip t ;  M iss H. L. G r ie r s o n  who d r a f t e d  th e  f i g u r e s ;  Mr. R. 
Cum berland who m o d if ie d  th e  com puter program m e; P r o f e s s o r  R. J .  
S c o th o m e  o f  th e  Anatomy D epartm en t who a llo w e d  a c c e s s  to  th e  sc a n n in g  
e l e c t r o n  m ic ro sc o p e ; and to  Mr. M. M urray who to o k  th e  p h o to g ra p h s .
Many th a n k s  a ls o  go to  P r o f e s s o r  N. M i l lo t  f o r  a llo w in g  th e  u se  
o f  th e  f a c i l i t i e s  a t  th e  M i l lp o r t  M arine B io lo g ic a l  S t a t i o n ,  and to  
M r. A. M. E l l i o t t  f o r  a r r a n g in g  th e  v i s i t s .  I  a ls o  w ish  to  e x te n d  ray 
g r a t i t u d e  to  th e  s k ip p e r s  o f  th e  ’M izpah’ , Mr. R. McBay, now r e t i r e d ,  
and Mr. D. C. M cLauchlan, and a ls o  to  Mr. W. S lo s s ;  w ith o u t t h e i r  
h e lp  th e  s tu d y  would have  been  im p o s s ib le .
I  w ould l i k e  to  th a n k  th e  S aud i A rab ian  M in is t r y  o f  E d u c a tio n  
whose g r a n t  h e lp e d  me to  f i n i s h  t h i s  s tu d y , and my b r o th e r ,  Abdul Rahim, 
who a t  a l l  tim e s  i n s p i r e d  me w ith  c o u rag e  and e n d le s s  a m b itio n .
ABSTRACT
S e v e n ty - fo u r  sam p les w ere c o l l e c t e d  from  th e  c e n t r a l  p a r t  o f  
th e  F i r t h  o f  C lyde ; s i x t y - f i v e  o f  th e s e  y ie ld e d  F o r a m in if e ra .  The 
d i s t r i b u t i o n  o f  th e  dead  specim ens was exam ined by c l u s t e r  a n a ly s i s ,  
u s in g  J a c c a r d ’ s  c o e f f i c i e n t .  T h is  in d ic a te d  th e  p re se n c e  o f  e ig h t  
th a n a to to p e s  w hich were p r i n c i p a l l y  c o n t r o l l e d  by  ty p e  o f  sed im en t 
and d e p th  o f  w a te r .  L iv in g  F o ra m in if e ra  were common i n  sam ples 
c o l l e c t e d  from  l e s s  th a n  25 m. d e p th , and w ere found  to  be r e l a t e d  
to  th e  f o u r  dead  th a n a to to p e s .  L iv in g  F o ra m in if e ra  were r a r e  in  
d e e p e r  w a te r  (50 -  115 m .) so i t  was n o t  p o s s ib le  to  r e c o g n iz e  th e  
f o u r  th a n a to to p e s  e s t a b l i s h e d  from  th e  dead  F o r a m in if e ra .  The 
d e e p e r  w a te r  F o ra m in if e ra  a r e  e n t i r e l y  dom ina ted  by E. s e a  b r a , b u t  
t h i s  s p e c ie s  i s  v i r t u a l l y  a b s e n t  i n  s h a llo w  w a te r .
I I
A b s t r a c t
S e v e n ty - fo u r  sam p les  w ere c o l l e c t e d  from  th e  c e n t r a l  p a r t  o f  th e  
F i r t h  o f  C lyde ; s i x t y - t h r e e  o f  th e s e  w ere c o l l e c t e d  w ith  a  Van Veen G rab, 
th e  re m a in d e r  w i th  a  10 cm s q .  t r a y  from  i n t e r t i d a l  san d  f l a t s .  The 
se d im e n t was a n a ly s e d  and  d iv id e d  i n t o  se v en  c a te g o r ie s  u s in g  th e  
W entw orth s c a le s  g r a v e l ,  san d y  g r a v e l ,  g r a v e l ly  s a n d , s a n d , muddy san d , 
san d y  mud and  mud. S i x ty - f iv e  o f  th e  s t a t i o n s  y ie ld e d  F o ra m in if e ra ,  
b e lo n g in g  to  f i f t y  s p e c i e s ,  o f  w h ich  t h i r t e e n  w ere p re d o m in a n t, c o n s t i ­
t u t i n g  76% o f  th e  t o t a l  p o p u la t io n .  L iv in g  i n d iv id u a l s  w ere r a r e  e x c e p t 
i n  th e  s h a llo w  w a te r ,  b u t  t h i s  may have  r e f l e c t e d  th e  m ethod o f  s a m p lin g .
The d i s t r i b u t i o n  o f  th e  dead  specim ens was exam ined b y  c l u s t e r  
a n a l y s i s ,  u s in g  J a c c a r d 's  C o e f f i c i e n t .  T h is  i n d ic a te d  th e  p re s e n c e  o f  
e ig h t  th a n a to to p e s  w hich  w ere p r i n c i p a l l y  c o n t r o l l e d  b y  ty p e  o f  sed im en t 
and  d e p th  o f  w a te r .  F ou r th a n a to to p e s  a r e  c h a r a c t e r i s t i c  o f  s h a llo w  
w a te r ;  one o f  th e s e  i s  from  i n t e r t i d a l  san d  f l a t s ,  th e  seco n d  from  sands 
an d  g r a v e ls  o f  a b o u t 1 m d e p th  o f  w a te r ,  th e  t h i r d  from  sandy  se d im e n ts  
o f  a v e ra g e  d e p th  14 m (ra n g e  5 -  45 m ), th e  f o u r t h  from  muddy san d s  o f  
12 -  16 m d e p th . The re m a in in g  f o u r  th a n a to to p e s  w ere from  d e e p e r  w a te r ,  
a v e ra g e  d e p th  44 m> w ith  muddy s e d im e n ts . D iv e r s i ty  i s  g r e a t e s t  i n  
s h a llo w  w a te r  san d s  and  g r a v e l ly  sa n d s  (1 -  45 21) > and  th e  d i s t r i b u t i o n  
o f  l i v i n g  s p e c ie s  i n  th e  s h a llo w  w a te r  can  be  c o r r e l a t e d  w ith  th e  s h a llo w  
w a te r  th a n a to to p e s .
The dom inan t s p e c ie s  o f  th e  a r e a s  i s  E g e r e l l a  s c a b r a . The s p e c ie s  
r e c o rd e d  a r e  s i m i l a r  to  th o s e  fo u n d  i n  o th e r  p la c e s  a ro u n d  th e  B r i t i s h  
I s l e s .
CHAPTER 1
I n t r o d u c t i o n :
The s h e l t e r e d  c e n t r a l  p a r t  o f  th e  P i r t h  o f  C lyde i s  an i d e a l  
a r e a  f o r  an i n v e s t i g a t i o n  o f  th e  d i s t r i b u t i o n  o f  R ecen t F o ra m in if e ra .  
W ith in  t h i s  r e g io n  th e r e  i s  a  g r e a t  v a r i e t y  o f  s e d im e n ts , w h ile  th e  
d e p th  ra n g e s  be tw een  0 and 125 m e tr e s .  F i f t y  s p e c ie s  o f  l i v i n g  
F o ra m in if e ra  have  been  fo u n d , o f  w hich t h i r t e e n  a re  re g a rd e d  a s  b e in g  
common. The d i s t r i b u t i o n  o f  th e  dead  t e s t s  o f  th e s e  common s p e c ie s  
h a s  b een  in v e s t i g a t e d  by u s in g  c l u s t e r  a n a ly s i s ,  a  m ethod shown to  
be o f  g r e a t  v a lu e  i n  e c o lo g y  and p a la e o e c o lo g y  by many i n v e s t i g a t o r s .  
L iv in g  F o ra m in if e ra  have  g e n e r a l l y  p ro v en  to  be to o  r a r e  to  a llo w  an 
i n v e s t i g a t i o n  o f  t h e i r  d i s t r i b u t i o n  by s t a t i s t i c a l  m ethods.
The p h y s ic a l  and ch em ica l f a c t o r s  t h a t  m igh t have p la y e d  a  r o le  
i n  th e  F o r a m in if e r a l  d i s t r i b u t i o n  in  th e  a r e a  were s tu d ie d ;  th e s e  
f a c t o r s  w ere ty p e  o f  s e d im e n t, te m p e ra tu re ,  d e p th  o f  w a te r ,  s a l i n i t y  
pH, and oxygen c o n te n t .
L i t e r a t u r e  R eview :
The e a r l i e s t  s tu d y  o f  th e  d i s t r i b u t i o n  o f  th e  F o ra m in if e ra  o f  
th e  F i r t h  o f  C lyde was t h a t  o f  D avid  R o b e rtso n  i n  1877> w ith  a  f u r t h e r  
s tu d y  i n  1901. S in c e  th e n ,  v e ry  l i t t l e  work h a s  been  done on th e  
s u b je c t .
John  P i r i t  s t a r t e d  work on th e  F o r a m in if e ra ,  b u t  was t r a g i c a l l y  
drowned i n  1962; h i s  m a te r i a l  i s  s to r e d  in  th e  c o l l e c t i o n s  o f  th e  
H u n te r ia n  Museum, and i s  a v a i l a b l e  f o r  s tu d y . The o ceanog raphy  o f  th e  
C lyde Sea a r e a  was c o m p re h en s iv e ly  s tu d ie d  by  Hugh R o b e rt M il l  (1 8 8 9 ).
The r e l a t i o n  o f  th e  p la n k to n  to  some ch em ica l and p h y s ic a l  
f a c t o r s  i n  th e  C lyde Sea a r e a  was s tu d ie d  by  S . M. M a rsh a ll  (1927)*
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H. B. Moore (1930) d e te rm in e d  th e  p h o sp h a te  and n i t r o g e n  c o n te n ts  in  
th e  muds th ro u g h o u t th e  a r e a .  I n  1931 Moore made a n o th e r  com prehen­
s iv e  s tu d y  o f  th e  mud o f  th e  C lyde Sea a r e a ,  i t s  ch em ica l and p h y s ic a l  
c o n d i t io n s ,  r a t e  and n a tu r e  o f  s e d im e n ta tio n  and f a u n a .
In  r e c e n t  y e a r s  v a r io u s  members o f  th e  S c o t t i s h  M arine B io lo g ic ­
a l  A s s o c ia t io n  and th e  I n s t i t u t e  o f  G e o lo g ic a l  S c ie n c e s  have i n v e s t i ­
g a te d  th e  g e n e ra l  o cean o g rap h y  o f  th e  a r e a .  T h is  h a s  in c lu d e d  th e  
s e d im e n ts , th e  f a c t o r s  c o n t r o l l i n g  t h e i r  d i s t r i b u t i o n ,  and th e  r e l a t i o n  
be tw een  s e d im e n ta ry  en v iro n m en ts  and th e  b i o lo g i c a l  a s s o c i a t i o n s  found  
i n  them . C. E. Deegan e t  a l .  (1973) p u b l is h e d  an im p o r ta n t  r e p o r t  
d e a l in g  w ith  th e  s u p e r f i c i a l  d e p o s i t s  o f  th e  E i r t h  o f  C lyde and i t s  
s e a  lo c h s .
L o c a tio n  o f  th e  a r e a :
The a r e a  sam pled i s  th e  c e n t r a l  p a r t  o f  th e  F i r t h  o f  C lyde , 
bounded by  l a t i t u d e s  55°56 1 N and 55°43 * N and by  lo n g i tu d e s  4 ° 5 2 ' W 
and 5 ° 5 f W ( F ig .  1 ) .  The a r e a  c o n s i s t s  m a in ly  o f  th r e e  t r a c t s .  The 
f i r s t  i s  an  i s o l a t e d  o n e , l y in g  be tw een  B ute  and Cumbrae, and b e lo n g ­
in g  to  th e  A rran  B a s in . The second  i s  th e  B ute  P la te a u  w hich e x te n d s  
from  th e  n o r th  o f  G re a t Cumbrae to  Toward P o in t  and R o thesay  Bay. The 
s u rro u n d in g  s h o re s  o f  t h i s  p a r t  a re  low  and san d y , w ith  no s tr e a m s . 
Through t h i s ,  th e  n o r th e r n  p a r t  o f  th e  A rran  B a s in  j o in s  th e  Dunoon 
B a s in , w hich makes th e  t h i r d  p a r t  o f  th e  sa m p lin g  a r e a .  T h is  t h i r d  
p a r t  l i e s  be tw een  c o a s t l i n e s  i n  a  s t r a i g h t  n arrow  tro u g h , ru n n in g  from  
th e  n o r th  end o f  G re a t Cumbrae to  th e  l i n e  j o in in g  C loch P o in t  and 
G antocks P o in t .  The e a s t e r n  s id e  o f  t h i s  p a r t  i s  d e e p e r  th a n  th e  w e s t.
The sam p lin g  a r e a  i s  r e l a t i v e l y  s h e l t e r e d ,  th e  p red o m in an t s e d i ­
m ents b e in g  mud and sandy  mud i n  deep  c h a n n e ls ,  w h ile  sand  and g ra v e l  
a r e  found  in  th e  s h a llo w  w a te r .  The a v e ra g e  d e p th  i s  a p p ro x im a te ly
2
F i g .-. .1
The area studied and location of stations,
3
FiR- 1















T ow ard P o in t -10— s u b m a rin e  
c o n to u r  in 
fa th o m s
33
42
> ay 3 ay
49
l?2













^  *26 /  
K ilchattan  
feay •15
5 5 *4 5 -60
-  55 *4 ! •25
I Sout han nan
•20 16 
•58  / -
55 66J■24 67<59 -
;56
23
22 r " L i t t l e  g y
C um brae 
/island *55 '5°0 0 ‘
4
60 m e tr e s .
M a te r ia l s  and M ethods:
S e v e n ty - fo u r  sam p les  were c o l l e c t e d  from  th e  a r e a  d e s c r ib e d  
abo v e , be tw een  2 5 th  May 1973 and 5 th  May 1974 (F ig .  1 ) .  S ix ty - th r e e  
o f  th e s e  sam ple were c o l l e c t e d  by means o f  a  Van Veen Grab from  
ab o a rd  th e  'M iz p a h ',  th e  b o a t  o f  th e  M arine B io lo g ic a l  S t a t i o n  o f  
M i l l p o r t .  The re m a in in g  e le v e n  sam ples were 10 cm. sq u a re  s u r f a c e  
sam p les c o l l e c t e d  from  th e  s h o re  u s in g  a  t r a y  o f  d im en sio n s 10 x 10 x 
2 cms. A ll th e  sam ples w ere s to r e d  i n  p l a s t i c  bags w ith o u t th e  add­
i t i o n  o f  p r e s e r v a t iv e s  b e c a u se  th e  sam p les w ere p ro c e s s e d  i n  th e  l a b ­
o r a t o r y  w i th in  a  few days o f  c o l l e c t i o n .  The lo c a t io n s  o f  th e  sam ples 
ta k e n  from  ab o a rd  th e  'M izp ah 1 w ere d e te rm in e d  by  ta k in g  compass b e a r ­
in g s  w ith  a  p r is m a t ic  com pass.
The s a l i n i t y  and te m p e ra tu re  o f  th e  s u r f a c e  and th e  b o tto m  w a te r  
w ere d e te rm in e d  a t  t h i r t y - t h r e e  s t a t i o n s .  A ppendix (T a b le  1 & 2 ) .
F o u r te e n  sam ples o f  th e  b o tto m  w a te r  were c o l l e c t e d  w ith  a  Nansen 
b o t t l e ,  pH and oxygen c o n te n t  were m easured  w ith  a  Lovibond 1000 compa- 
t a t o r ,  u s in g  C re so l r e d  and W in k le r 's  M ethod. These m easurem ents were 
ta k e n  w ith in  a  few  h o u rs  o f  c o l l e c t i n g  th e  sa m p le s . A ppendix (T ab le  3)»
The d e p th  o f  w a te r  a t  each  sa m p lin g  s t a t i o n  was d e te rm in e d  by echo 
s o u n d in g . A ppendix (T a b le  4)«
F o r  th e  f o ra m in if  e r a l  a n a ly s i s  a  m easured  w e ig h t o f  250 gm. o f  wet 
se d im en t was washed o v e r  20 and 200 mesh s ie v e s  in  o r d e r  to  remove th e  
g r a v e l  and v e ry  f in e  g ra in e d  p a r t i c l e s .  The r e s id u e  was s t a in e d  i n  Rose 
B engal f o r  one h o u r  (W alton , 1952 ), th e n  rew ashed  o v e r  a  200 mesh s ie v e  to  
remove th e  s u rp lu s  s t a i n ,  and f i n a l l y ,  d r ie d  a t  60°C. To f a c i l i t a t e  c o u n t­
in g  and to  sav e  t im e , th e  F o ra m in if e ra  were c o n c e n tra te d  by s lo w ly  ad d in g  
th e  d r ie d  c o o l se d im e n ts  to  ca rb o n  t e t r a c h l o r i d e ,  th e  F o ra m in if e ra  f l o a t -
5
in g  on i t s  s u r f a c e  b e in g  c o l l e c t e d  by c a r e f u l l y  p a s s in g  th e  s o lu t io n  
th ro u g h  a  f i l t e r  p a p e r . The se d im e n t r e s id u e s  were checked  to  a s s u re  
t h a t  co m p le te  s e p a r a t io n  had  ta k e n  p la c e .  As m ost o f  th e  sam ples con­
t a in e d  a  h ig h  c o n c e n t r a t io n  o f  dead  F o r a m in if e ra ,  i t  was found  n e c e s s ­
a ry  to  d iv id e  them i n to  s m a l le r  f r a c t i o n s ,  ra n g in g  from  1/2  to  1/16 
o f  th e  sam p le .
To o b ta in  p e rc e n ta g e s  o f  v a r io u s  s p e c i e s ,  a t  l e a s t  250 F o ra m in i­
f e r a  w ere co u n te d  i n  each  sam p le . The t o t a l  p o p u la t io n  co u n ted  i n  a l l  
th e  sam ples was found  to  b e lo n g  to  50 s p e c i e s ,  dead  F o r a m in if e r a l  
c o u n ts  b e in g  48 ,947  and l i v i n g  ones 1 ,5 7 6 . Of th e  50 s p e c ie s ,  15 were 
p red o m in an t, c o n s t i t u t i n g  76$ o f  th e  t o t a l  p o p u la t io n  and o c c u r r in g  
i n  18 -  58 sa m p le s ; th e s e  15 s p e c ie s  i n  o r d e r  o f  abundance w ere : 
E g g e r e l la  s c a f b r a ,  T e x tu la r i a  s f t r g i t tu la , B u l l im in g l la  e le g a n t i s s im a , 
Ammonia b e c c a r i i ,  E lph id ium  a r t i c u l a tu m , R o s a l in a  g l o b u l a r i s , E lph id ium  
c risp u rn , E lp h id iu m  excava tum , Q u in q u e lo c u lin a  sem inulum , E lph id ium  
m ag e lla n icu m , C ib ic id e s  l o b a t u l u s , B u lim in a  m a rg in a ta  and Regsphax 
f u s i f o r m . The re m a in in g  57 s p e c ie s  com prised  2 4 /  o f  th e  t o t a l  popu­
l a t i o n ;  tw en ty  o f  them o c c u rre d  in  5 “ 18 sa m p le s , w h ile  th e  rem ain ­
in g  s e v e n te e n  were v e ry  r a r e  and o c c u rre d  i n  l e s s  th a n  f i v e  sa m p le s .
The se d im e n ts  were a n a ly se d  by s ie v in g  o f  w eighed am ounts o f  wet
se d im e n t u s in g  18 and 200 mesh s i e v e s .  A cco rd ing  to  th e  W entworth 
Set  Oftu,s
s c a l e  (1 y y . t )  th e  f r a c t i o n  r e t a in e d  above th e  18 mesh s ie v e  was g r a v e l ,  
s h e l l s  and p e b b le s ,  th e  f r a c t i o n  r e t a in e d  above th e  200 mesh s ie v e  was 
sa n d , and th e  f r a c t i o n  t h a t  p a sse d  th ro u g h  th e  two s ie v e s  was mud.
The se d im e n ts  w ere g rouped  in to  sev en  g ro u p s a c c o rd in g  to  th e  p e r c e n t ­
age w e ig h t o f  t h e i r  d i f f e r e n t  com ponents i n  th e  fo llo w in g  way:
1 . g r a v e l  sed im en t : ' g ra v e l  >  QO/o
2 . sandy  g ra v e l  sed im en t ; g r a v e l  >  sand  >  10, Z> mud
5 . g r a v e l ly  sand  sed im en t ; sand  >  g ra v e l  >  10/. mud
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4 . sandy  sed im en t
5. muddy sand sediment
6. muddy sediment
7. sandy mud sediment
Appendix (T a b le  4)»
: sand  >  80/c
: sand nmd >  10/ ^  gravel
: mud 80/
: mud >  sand 1 0 / ^  gravel
CHAPTER 2
Q u a n t i t a t iv e  D i s t r i b u t i o n  A n a ly s is  o f  th e  Dead Fauna
K a e s le r  (1966) was th e  f i r s t  to  u se  q u a n t i t a t i v e  te c h n iq u e s  to  
a n a ly s e  th e  d i s t r i b u t i o n  o f  o rg a n ism s . U sing  c l u s t e r  a n a ly s i s  he  r e ­
e v a lu a te d  th e  f o r a m in i f e r a !  b io f a c e s  o f  W alton  (1955) and o s t r a c o d a l  
b io f a c e s  o f  Benson (1959) from  Todos S a n to s  Bay, M exico. Many 
r e s e a r c h e r s  have s in c e  u sed  c l u s t e r  a n a ly s i s  in  e c o lo g ic a l  s t u d i e s .
The aim  o f  th e  p r e s e n t  s tu d y  was to  d e te rm in e  p a t t e r n s  o f  
a s s o c i a t i o n  betw een  s p e c ie s  i n  th e  C lyde a r e a .  T h is  in v o lv e s  th e  
d e te r m in a t io n  o f  b i o f a c i e s  and b io to p e s .  K a e s le r  (1966) d e f in e d  
b i o f a c i e s  a s  "a  g roup  o f  o rg an ism s found  to g e th e r  and p resu m ab ly  
a d a p te d  to  e n v iro n m e n ta l c o n d i t io n s  i n  t h e i r  p la c e  o f  o c c u r re n c e , 
such  g ro u p s  d i f f e r i n g  from  th e  co n tem p o ra ry  a sse m b la g e s , found in  
d i f f e r e n t  e n v iro n m en t” . He d e f in e d  b io to p e  a s  ”an a r e a  o f  r e l a t i v e l y  
u n ifo rm  e n v iro n m e n ta l c o n d i t io n ,  e v id e n c e d  by a  p a r t i c u l a r  fa u n a  in  
th e  a r e a  and p resum ab ly  a d a p te d  to  e n v iro n m e n ta l c o n d it io n s  e x i s t i n g  
t h e r e " .  U sing  th e s e  d e f i n i t i o n s  i t  i s  p o s s ib le  to  make p l a u s ib le  
a ssu m p tio n s  t h a t  can  be u se d  to  e x p la in  th e  d i s t r i b u t i o n  p a t t e r n s  o f  
th e  a ssem b lag es  o f  th e  F o ra m in if e ra  o f  th e  s tu d y  a r e a .
S e v e ra l  c o e f f i c i e n t s  o f  a s s o c i a t i o n  have  been  u se d  i n  p re v io u s  
i n v e s t i g a t i o n s  (Cheetham  and H a z e l, 1969)- Two o f  th e s e  were con­
s id e r e d ,  th e  J a c c a r d  C o e f f i c ie n t  and th e  S okal and M ic h in e rs  C o e f f ic ­
i e n t .  J a c c a r d 's  C o e f f i c ie n t  i s  d e te rm in e d  from  th e  fo llo w in g  
e q u a t io n : -
a
Sj -  ----------------
a  + b + c
When com paring  two s p e c i e s ,  a  i s  th e  num ber o f  s t a t i o n s  i n  w hich th e y  
o c c u r  t o g e th e r ,  b i s  th e  num ber o f  t im e s  one s p e c ie s  o c c u rs  w ith o u t
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th e  o t h e r ,  and c i s  th e  num ber o f  t im e s  th e  o th e r  s p e c ie s  i s  found 
w ith o u t  th e  f i r s t ;  when com paring  two s t a t i o n s ,  a  i s  th e  num ber o f  
s p e c ie s  i n  common, b i s  th e  num ber o f  s p e c ie s  p r e s e n t  i n  s t a t i o n  1 
b u t  n o t  in  s t a t i o n  2 , and c i s  th e  num ber o f  s p e c ie s  i n  s t a t i o n  2 b u t  
n o t  i n  s t a t i o n  1. (C a irn s  & K a e s le r  1969)
The S okal and M ic h in e rs  C o e f f i c ie n t  i s  g iv e n  b y : -
a  + d
Ssn * ----------------
n
Where a  i s  th e  num ber o f  c a s e s  i n  w hich th e  two compared i te m s  a re  
b o th  p r e s e n t ,  d i s  th e  num ber o f  t im e s  b o th  a re  a b s e n t ,  and n  i s  th e  
t o t a l  num ber o f  c o m p a riso n s . (K a e s le r  196 6 )
The im p o r ta n t  d i f f e r e n c e  be tw een  th e  two c o e f f i c i e n t s  i s  t h a t  
th e  J a c c a r d  C o e f f i c ie n t  ig n o re s  n e g a t iv e  m a tc h es , w hereas th e  S okal 
C o e f f i c ie n t  g iv e s  eq u a l w e ig h t to  b o th  n e g a t iv e  and p o s i t i v e  m a tc h e s .
In  th e o ry ,  a l l  th e  s p e c ie s  p r e s e n t  i n  th e  a r e a  sh o u ld  be con­
s id e r e d  i n  th e  s t a t i s t i c a l  a n a l y s i s .  B ecause th e  c o e f f i c i e n t s  u sed  
s im p ly  compare th e  p re s e n c e  o r  ab sen ce  o f  s p e c ie s  i n  sa m p le s , i t  i s  
im p o s s ib le  to  d e te rm in e  w h e th e r  a  v e ry  r a r e  s p e c ie s  i s  t r u l y  a b s e n t  
from  a  s t a t i o n .  Thus i t  i s  common p r a c t i c e  to  c o n s id e r  o n ly  th e  
common s p e c i e s .  F u r th e rm o re , e c o lo g ic a l  c o n d it io n s  a r e  p ro b a b ly  b e s t  
r e f l e c t e d  by th e  d i s t r i b u t i o n  o f  ab undan t s p e c ie s .  T h i r te e n  s p e c ie s  
a r e  c o n s id e re d  to  be common, a s  p r e v io u s ly  s t a t e d .  N ine o f  th e  seven ty- 
f o u r  s t a t i o n s  sam pled  w ere b a r r e n ,  l e a v in g  s i x t y - f i v e  to  be c o n s id e re d .
The s t a t i o n s  w ere com pared w ith  each  o th e r  by Q mode a n a ly s i s  
(= b io to p e ) ,  and th e  s p e c ie s  by R mode a n a ly s i s  (= b i o f a c i e s ) .  The 
in fo rm a t io n  was com puted u s in g  th e  two c o e f f i c i e n t s  m en tioned  above, 
c o n s id e r in g  f i r s t l y  dead  specim ens and se c o n d ly  l i v i n g  sp ec im en s .
The sm a ll num ber o f  l i v i n g  specim ens l e d  to  a  h ig h  ab sen ce  r a t e ,  and 
p ro v ed  im p o s s ib le  to  com pute. W ith th e  dead  sp ec im en s , J a c c a rd s
9
Fig. 2
Dendrogram (TJPGMA.) based on Jaccard Coefficient 
of association computed from occurrence data of 
species of Foraminifera. Q Mode.
10
F ig , 2
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C o e f f i c ie n t  p ro v ed  to  be more s a t i s f a c t o r y  f o r  i n t e r p r e t a t i o n ,  and 
so i s  th e  o n ly  r e s u l t  c o n s id e re d  h e r e .  The r e s u l t s  f o r  th e  Q mode 
a n a ly s i s  a re  p r e s e n te d  a s  a  dendogram  ( F ig .  2 ) .
The R mode ( b io f a c i e s )  were d e te rm in e d  by u s in g  J a c c a r d  and 
S okal C o e f f i c i e n t s ,  b u t  th e  r e s u l t s  w ere u n s a t i s f a c t o r y  and d id  n o t  
show d i s t i n c t  c l u s t e r s .  T h is  was e x p e c te d , b e c au se  o f  th e  sm a ll 
num ber o f  s p e c ie s  in v o lv e d  i n  th e  s tu d y .  F o r  t h i s  r e a s o n  a  dendogram  
i s  n o t  in c lu d e d .
The a d v a n ta g e s  and d is a d v a n ta g e s  o f  th e  c l u s t e r  m ethod have 
been  d is c u s s e d  by  K a e s le r  (1966) and many o th e r  i n v e s t i g a t o r s  ( e . g .  
B ro o k s , 1973)- F o r  f u r t h e r  d e t a i l s  th e  r e a d e r  i s  r e f e r r e d  to  th e s e  
w orks. However, no o th e r  s u i t a b l e  m ethod c o u ld  be u se d  in  th e  i n t e r ­
p r e t a t i o n  o f  th e s e  r e s u l t s .
The c o m p u ta tio n  o f  th e  d a ta  and th e  c o n s t r u c t io n  o f  th e  dendo­
gram  i n  t h i s  s tu d y  w ere c a r r i e d  o u t by u s in g  a  com puter program  
w r i t t e n  by  Bonham -  C a r te r  (1967) and m o d if ie d  by R. Cum berland in  
th e  D epartm en t o f  G eology, Glasgow U n iv e r s i ty ,  f o r  u s e  i n  th e  ERec 
379 /158  d i g i t a l  com pu ter. A ll th e  d a ta  u se d  in  t h i s  s tu d y  and th e  
m o d if ie d  com puter programme a re  s to r e d  in  th e  D epartm ent o f  G eology 
o f  th e  U n iv e r s i ty  o f  Glasgow and can  be o b ta in e d  from  th e r e  upon
r e q u e s t .  The d i v e r s i t y  o f  th e  fa u n a s  i s  i n d ic a te d  b y  u s e  o f  th e  in d e x ;
M urray (1973) fo r  a  d i s c u s s io n  o f  t h i s  m ethod.
The F o r a m in if e r a l  T h a n a to to p e s
The fo llo w in g  assem b lag es  have been  d e te rm in e d  from  th e  d i s t r i ­
b u t io n  o f  dead t e s t s .  T h e re fo re  i t  i s  more c o r r e c t  to  c a l l  them 
th a n a to to p e s  r a t h e r  th a n  b io to p e s  (B ro o k s, 1973)* E ig h t th a n a to to p e s  
h av e  been  re c o g n iz e d  a t  th e  0 .4 7  l e v e l .  T h is  l e v e l  h a s  been  chosen  
b e c a u se  i t  a llo w s  th e  r e c o g n i t io n  o f  d i s t i n c t  c l u s t e r s .  The shaded  
p o r t io n s  on th e  dendogram  ( F ig .  2 )  r e p r e s e n t  th e  a u th o r ’s  i n t e r p r e t a -
se e
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t i o n ,  w hich , o f  c o u rs e , i s  n o t  th e  o n ly  one p o s s ib l e .
T h a n a to to p e  I :
T h is  i s  r e p r e s e n te d  by  s i x  s t a t i o n s :  14 , 5 3 , 50 , 5 9 , 3 4 , and
5 2 . The sed im en t i s  sandy  mud, th e  a v e ra g e  d e p th  i s  44 m e tre s , w ith  
a  ra n g e  o f  25-65 m. The m a jo r  s p e c ie s  o c c u r r in g  i n  t h i s  th a n a to to p e ,
.e r o f  abundance a r e : R.drtgC
1. E g g e r e l la  s c a r b r a 5 9fo 2 9 -  79
2 . E lph id ium  excavatum 12 fo 6 - 2.5
3 . B u lim in a  m a rg in a ta 9% 3 - IT
4 . E lph id ium  m agellan icum 7$ H -19
5 . B u l im in e l la  e le g a n t i s s im a 5/« 6 - 2 5
The c h a r a c t e r i s t i c  f e a tu r e  o f  t h i s  th a n a to to p e  i s th e  h ig h
p e rc e n ta g e  o f  E . s c a r b r a  and th e  p re se n c e  o f  some o th e r  s p e c ie s  i n  
m o d era te  abundance .
T h a n a to to p e  I I :
T h is  co m p rise s  a  m ajo r p a r t  o f  th e  c l u s t e r  and i s  r e p r e s e n te d  
by th e  fo llo w in g  s t a t i o n s :  8 , 2 4 , 5 , 2 0 , 2 6 , 4 0 , 2 , 4 , 3 0 , 3 , 2 9 , 6 , 
4 6 , 25 , 4 3 , 7 , 54 , 55 , 57 and 17* The a v e ra g e  d e p th  o f  th e  w a te r  i s  
14 m e tr e s ,  ra n g in g  betw een  5 -  45 th e  sed im en t c o n s i s t in g  o f  sand 
and g r a v e l ly  sa n d .
The m ajo r s p e c ie s  c h a r a c te r i z in g  t h i s  th a n a to to p e  a c c o rd in g  to  
t h e i r  abundance a re  th e  fo llo w in g :
1. E g g e re l la  s c a r b r a
2 . T e x tu la r i a  s a g i t t a l a
3 . E lph id ium  crispurn
4 . R o s a l in a  g lo b u la r i s  
5• C ib ic id e s  lo b a tu lu s
p  e.'rC&nbQ.^ t
m
i -  6 °
1 5 ? .
2 - 5 5
125& 1 -  7 /
8 /c 2  -  ^>2-
7/o 1 -  2 9
4
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6 .  Oiling tie 1 o c u l  i n a  sem innlnm  6 $  I — IT
7 • E lph id ium  excavatum  6$  H ~
8 . E lph id ium  m agellan icum  5$ | _ X3
9 • E lph id ium  a r t i c u la tu m  5/t / _ ^
10. Animonia b e c c a r i i  4$ j -
T h is  i s  c h a r a c te r iz e d  by many f e a t u r e s ,  d i f f e r i n g  from  
T h a n a to to p e  I  i n  ty p e  o f  s e d im e n t, s h a llo w e r  d e p th  o f  w a te r ,  low  
p e rc e n ta g e  o f  E. s c a r b r a ,  and a  h ig h e r  d i v e r s i t y  («<= 3- 9)» The 
se d im e n t ty p e  i s  im p o r ta n t  f o r  t h i s  th a n a to to p e  b e c au se  muddy sam ples 
from  s i m i l a r  d e p th s  b e lo n g  to  d i f f e r e n t  th a n a to to p e s .
Some o f  th e  s p e c ie s  w ere found to  be c l in g in g  to  v e g e ta t io n ,  
s to n e s ,  and s h e l l p ,  i n d i c a t i n g  s u b je c t io n  to  s t r o n g  c u r r e n t  a g i t a t i o n  
(M urray 1973).
T h a n a to to p e  I I I :
T h is  i s  r e p r e s e n te d  by  f i v e  s t a t i o n s .  S ta t io n s  6 4 , 66 and 67 
w ere i n  th e  i n t e r t i d a l  san d  f l a t s  o f  S ou thannan  Sands and were 
c o l l e c t e d  w ith  a  10 cm. s q .  t r a y .  S t a t i o n s  18 and 19 w ere i n  M i l lp o r t  
Bay, w a te r  d e p th  1 m ., sed im en t sand  m ixed w ith  g r a v e l .  They were 
c o l l e c t e d  w ith  a  Van Veen G rab .
The m ajo r s p e c ie s  o c c u r r in g  i n  t h i s  th a n a to to p e  a r e :
E lph id ium  crispu rn  38$ 6 T
2 . E lph id ium  a r t i c u la tu m  1 -  Le>
3* Ammonia b e c c a r i i  I# ?  ^  -  Z,$
4 . C ib ic id e s  l o b u la tu s  5$  I -  13
5. Ro sal ina globularis 4jfo 5 - / o
The m ain f e a t u r e  i s  th e  ab sen ce  o f  E. s e a  b r a  and ^T. s a g i t t u l a  
w hich w ere found  to  be p r e s e n t  in  th a n a to to p e  I I .  The p re s e n c e  o f  
M* c r i  spurn, E. a r t i c u la tu m  and A. b e c c a r i i  i n  h ig h  p e rc e n ta g e s ,  and
14
th e  p re s e n c e  o f  l o b u la tu s  and R. g lo b u la r i s  i n  low  p e rc e n ta g e s  
com pared w ith  T h an a to to p e  I I ,  a r e  i n d i c a t o r s  t h a t  T h an a to to p e  I I I  
i s  s u b je c t  to  m odera te  and q u i e t  c u r r e n t  a g i t a t i o n .  The d i v e r s i t y  
h e re  i s  low  and ra n g e s  betw een  °< = 1 and «<= 4»
T h an a to to p e  IV :
T h is  i s  r e p r e s e n te d  by s i x  s t a t i o n s ,  th r e e  o f  them (6 1 , 6 2 , and 
6 3 ) l o c a t e d  on th e  w est s id e  betw een  G re a t Cumbrae and th e  I s l a n d  o f  
B u te , two o f  them  (13 and 47) lo c a te d  on th e  e a s t  s id e  o f  G re a t Cumbrae, 
and th e  l a s t  one (37 ) lo c a te d  in  th e  n o r th - w e s t  o f  Dunoon B a s in . The 
a v e ra g e  d e p th  o f  th e s e  s t a t i o n s  i s  42 m e tre s  ra n g in g  from  12 -  54 m ., 
and th e  se d im e n ts  c o l l e c t e d  from  them w ere p re d o m in a n tly  sandy  mud.
The m ain s p e c ie s  r e p r e s e n te d  in  t h i s  th a n a to to p e  a r e :
T h is  i s  s i m i l a r  to  T h an a to to p e  I  i n  b e in g  c h a r a c te r iz e d  by  deep 
w a te r  and sandy  mud se d im e n ts , b u t  d i f f e r s  from  i t  i n  th e  g r e a t e r  
dom inance o f  E. sc a r:b ra  and th e  r a r i t y  o f  E . excavatum  and B. m a rg in a ta . 
The d i v e r s i t y  i s  v e ry  low , ra n g in g  from  °< = 1 to  ^  = 2 .
T h a n a to to p e  V:
T h is  i s  r e p r e s e n te d  by tw en ty  s t a t i o n s ,  tw e lv e  o f  w hich a re  
from  th r e e  m ain a r e a s ;  th e  f i r s t  g roup  r e p r e s e n te d  by sam p lin g  
s t a t i o n s  31» 32 , 33» 41 > and. 42 i s  lo c a te d  in  th e  m id d le  o f  th e  Dunoon 
B a s in . The second  g roup  r e p r e s e n te d  by  sam p lin g  s t a t i o n s  3 6 , 35» and 
38 i s  lo c a te d  i n  th e  n o r th  o f  th e  Dunoon B a s in . The l a s t  g roup  r e p r e ­
s e n te d  by sam p lin g  s t a t i o n s  9» 10» 11» and 12 i s  lo c a te d  n e a r  L args 
a t  th e  e a s te r n  s id e  o f  G re a t Cumbrae. The re m a in in g  e ig h t  sam p ling
2 . Ammonia b e c c a r i i
1. E g g e r e l la  s c a r b r a
3 . B u l im in e l la  e le g a n t i s s im i
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s t a t i o n s  44 , 45 , 51 , 6 0 , 16 , 22, 28 , and 58 a re  s c a t t e r e d  a t  d i f f e r e n t  
l o c a l i t i e s .  The a v e ra g e  d e p th  o f  w a te r  i n  t h i s  th a n a to to p e  i s  42 
m e tr e s ,  ra n g in g  betw een  25 -  78 m. and th e  se d im e n ts  a r e  a  m ix tu re  
o f  mud and sandy  mud.
The m ain s p e c ie s  r e p r e s e n te d  a r e :
1. E g g e r e l la  s c a r b r a
2 . B u l im in e l la  e le g a n t is s im a  
Ammonia b e c c a r i i
4* E lph id ium  excavatum
5 . Reaphax fu s ifo x m s 
The m ain f e a t u r e s  o f  t h i s  th a n a to to p e  a r e  th e  p re s e n c e  o f  E. 
s c a r b r a  i n  v e ry  h ig h  p e rc e n ta g e ;  th e  p re se n c e  o f  R. f u s i f o r m s , w hich 
i s  o n ly  found  in  t h i s  th a n a to to p e ;  th e  a b sen ce  o f  a l l  E lph id ium  
s p e c ie s  e x c e p t E. excavatum ; and th e  ab sen ce  o f  £ .  sem inulum . The 
d i v e r s i t y  i n  t h i s  th a n a to to p e  i s  v e ry  low  and ran g e s  from=-c: = -1 and 
«=< “  3»
T h a n a to to p e  V I:
T h is  i s  r e p r e s e n te d  by two s t a t i o n s ,  21 and 27 , from  d e p th s  o f  
55 m. and 98 m. r e s p e c t i v e ly .  The se d im en t i s  a  sandy mud. They 
c l u s t e r  t o g e th e r  b e c au se  E. s c a r b r a  i s  th e  o n ly  F o ra m in if e ra  p r e s e n t .
T h a n a to to p e  V I I :
T h is  c o n s i s t s  o f  th r e e  s t a t i o n s  49 , 4 8 , and 47 lo c a te d  a t  R oths 
Bay and Karnes Bay a lo n g  th e  w est s id e  o f  th e  sam p lin g  a r e a .  The d e p th  
o f  w a te r  i s  12, 15, and 16 m. r e s p e c t i v e ly ,  th e  sed im en t i s  muddy san d . 
The m ain s p e c ie s  r e p r e s e n te d  in  t h i s  th a n a to to p e  a r e :
1. B u l im in e l la  e le g a n t i s s im a  52fo </o - 5 <j
2* E g g e r e l la  s c a tb r a  34^
Ha/ngJt"
75/»
I -  S3
% / - q
Jh L - u>
% I -13
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3• E lph id ium  m agellan icum  5$ b - L
T h is  th a n a to to p e  i s  dom inated  by two s p e c i e s ,  b u t  th e  rem ark ­
a b le  p o in t  i s  th e  h ig h  p e rc e n ta g e  o f  B. e le g a n t i s s im a  com pared w ith  
th e  o th e r  th a n a to to p e s  h a v in g  th e  same ty p e  o f  s e d im e n t. As t h i s  
th a n a to to p e  i s  from  s h a llo w  w a te r ,  i t  s u g g e s ts  t h a t  t h i s  s p e c ie s  i s  
c o n t r o l l e d  by d e p th  o f  w a te r ,  p r e f e r r i n g  sh a llo w  w a te r  and muddy sand  
se d im e n t. The d i v e r s i t y  i n  t h i s  th a n a to to p e  i s  v e ry  low , = -1 to  
«=< = 2 .
Thanatotope VIII:
T h is  i s  r e p r e s e n te d  by s t a t i o n s  6 9 , 70 , and 71» lo c a te d  i n  th e  
i n t e r t i d a l  zo n e . Sam ples w ere o b ta in e d  from  th e s e  s t a t i o n s  by th e  
known a r e a  t r a y  and were found  to  be  c le a n  sa n d .
T h is  th a n a to to p e  i s  dom inated  by E. a r t i c u la tu m  (97/^) • T h is  
s p e c ie s  seems to  be c o n fin e d  to  th e  i n t e r t i d a l  f l a t  zo n e , l i v i n g  on 
th e  s u r f a c e  o f  th e  se d im e n t.
Summary D is c u s s io n :
R e f e r r in g  to  th e  a fo r e  m en tioned  th a n a to to p e s ,  i t  i s  p o s s ib le  
to  re a c h  th e  fo llo w in g  c o n c lu s io n s :
1 . T h a n a to to p e s  I I ,  I I I ,  'VII, and V I I I  a re  c h a r a c te r iz e d  by r e l a ­
t i v e l y  s h a llo w  w a te r .  T h an a to to p e  V III  i s  from  sandy  i n t e r t i d a l  f l a t s ;  
T h an a to to p e  I I  from  sand  and sandy  g r a v e ls  o f  betw een 5 and 45 m. 
d e p th ;  T h an a to to p e  I I I  from  sands and g r a v e ls  o f  abou t 1 m. d e p th ;  
and T h an a to to p e  V II from  muddy san d s  o f  14 d e p th . Thus a  com bina­
t i o n  o f  d e p th  and sed im en t e x p la in  th e  d i f f e r e n c e s  betw een th e s e  
th a n a to to p e s .
2. T h a n a to to p e s  I ,  IV , and V have s i m i l a r  fa u n a s  and a re  a l l  domin­
a te d  by E. s e a - b r a . They a r e  found i n  s i m i l a r  e n v iro n m e n ts : mud and
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muddy s a n d s , w ith  an a v e ra g e  d e p th  o f  42 -  44 m ., h u t  ra n g in g  betw een
12 -  78 m. O th e r  f a c t o r s  su ch  a s  pH, s a l i n i t y ,  te m p e ra tu re , and
w a te r  oxygen c o n te n t  a re  a ls o  s i m i l a r .  They have been  s e p a r a te d  in to  
th r e e  th a n a to to p e s  b e c au se  th e y  form  d i s t i n c t  c l u s t e r s  in  th e  dendo­
gram . I t  i s  p o s s ib l e ,  how ever, t h a t  b e c au se  o f  th e  sm a ll num ber o f  
s t a t i o n s  sam pled , T h a n a to to p e s  I ,  IV , and V a re  m ere ly  p a r t  o f  a  con­
t in u o u s  v a r i a t i o n  w ith in  a  s in g l e  th a n a to to p e .
3 . T h an a to to p e  V I, c o n s i s t in g  o f  two s t a t i o n s  o n ly , may a ls o  b e lo n g  
w ith  T h a n a to to p e s  I ,  IV , and V.
4 . E . s c a r b r a  i s  th e  commonest s p e c ie s  found  in  th e  a r e a .  I t  i s  
p r e s e n t  i n  a l l  th a n a to to p e s ,  a p a r t  from  T h a n a to to p e s  I I I  and V I I I ,  and 
d o m in a te s  fa u n a s  from  d e e p e r  w a te r s .
5 . The m ain c o n c lu s io n  o f  t h i s  s tu d y  i s  t h a t  th e  d i s t r i b u t i o n  o f
th e  dead  fa u n a  i s  c o n t r o l le d  by two f a c t o r s :  ty p e  o f  s e d im e n t, and
d e p th  o f  w a te r .  The im p o rtan ce  o f  th e  s u b s tra tu m  i s  se en  in  T hana to ­
to p e  I I :  some s t a t i o n s  b e lo n g in g  to  t h i s  come from  f a i r l y  deep  w a te r ,
up to  45 in. T h is  d e p th  i s  more c h a r a c t e r i s t i c  o f  T h a n a to to p e s  I ,  XV, 
V, and V I; b u t  th e  sed im en t i s  a  sa n d , n o t  a  mud a s  i n  th e  l a t t e r  
th a n a to to p e s .  S u b stra tu m  i s  a ls o  im p o r ta n t  i n  T h an a to to p e  V I I , muddy 
san d  i n  s h a llo w  w a te r ,  14 m. d eep ; t h i s  d i f f e r e n t i a t e s  i t  from  th e  
o t h e r  sh a llo w  w a te r  th a n a to to p e s .  On th e  o th e r  h an d , T h an a to to p e  V II 
a ls o  i l l u s t r a t e s  th e  im p o rta n c e  o f  d e p th :  i t  i s  t h i s  which d i s t i n g u i ­
sh e s  i t  from  T h a n a to to p e s  I ,  IV , V, and VI w hich come from  s im i l a r  
s e d im e n ts  i n  d e e p e r  w a te r .  D epth i s  th e  im p o r ta n t  f a c t o r  i n  s e p a r a ­
t i n g  T h a n a to to p e s  I I ,  I I I ,  and V II . ( s e e  P ig .  3)
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3The relationship between 
thanatotopes, type of sediment 
and depth of water.
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Dmu
^  *O  3
Q.
<Q
Elphidium  articu la tu m
Elphidium  crispurn 
E lphidium  a rticu la tu m  
A m m onia b e c c a rii  
C ib ic id es  lobatu lus
B ulim inella e leg an tissim a  
E ggere lla  scarb ra  
Elphidium  m agellan icum
E ggere lla  scarbra 
T e x tu la ria .s a g ittu la  
Elphidium crispum 
R osalina g lo b u la ris  
C icb ic id es  lobatu lus 
Q u in q u e lo c u lin a  seminulum 
Elphidium  excava tum  
Elphidium  m agellan icum  
Elphidium  a rticu la tu m
E ggere lla  scarbra 
Elphidium  excavatum  
Bulim ina m arg inata  
Elphidium  m agellan icum  
B ulim inella e leg an tissim a
E ggere lla  scarbra 
Am m onia b e c c a rii
E g g e re lla  scarbra 
B ulim inella e leg an tissim a  
Am m onia b e c c a rii
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20
CHAPTER 5
L iv in g  E o ra m in ife ra
T h is  c h a p te r  i s  an a tte m p t to  d e te rm in e  th e  e c o lo g ic a l  f a c t o r s  
im p o r ta n t  i n  c o n t r o l l i n g  th e  d i s t r i b u t i o n  o f  l i v i n g  F o ra m in if e ra  i n  
th e  s tu d y  a r e a .  The r a r i t y  o f  l i v i n g  E o ra m in ife ra  makes any s t a t i s t ­
i c a l  ap p roach  d i f f i c u l t .  V a rio u s  m ethods were t r i e d  i n  o r d e r  to  r e l a t e  
th e  d i s t r i b u t i o n  o f  th e  l i v i n g  fa u n a  w ith  th e  dead fa u n a  ( c h i - s q u a r e ,  
c l u s t e r  a n a l y s i s ) ,  b u t  a l l  a t te m p ts  p roved  u n s a t i s f a c to r y .  So a  non - 
s t a t i s t i c a l  ap p ro ach  h a s  been  ad o p te d . The fo llo w in g  f ig u r e s  i n d i c a t e  
th e  num ber o f  dead  and l i v i n g  E o ra m in ife ra .
48 ,947  dead specim ens 
1,576 l i v i n g  specim ens 
A ppendix T ab le  5»
F o r  th e  t h i r t e e n  common s p e c ie s  th e  f ig u r e s  a r e :
57 ,430  dead  specim ens 
1 ,350  l i v i n g  specim ens 
Appendix T ab le  6 .
E c o lo g ic a l  f a c t o r s :
(1 )  s a l i n i t y :
The s a l i n i t y  o f  s u r f a c e  and bo ttom  w a te r  was d e te rm in e d  a t  
t h i r t y - t h r e e  s t a t i o n s  (A ppendix T able  1 ) .  The a v e rag e  f o r  th e  s u r f a c e  
w a te r  i s  32°/oo  and f o r  th e  bo ttom  w a te r  3 3 ° /o o , w ith  s l i g h t  v a r i a t i o n s  
betw een  s t a t i o n s .  There i s  v e ry  l i t t l e  an n u a l v a r i a t i o n ,  o r  g eog raph ­
i c a l  v a r i a t i o n ,  so s a l i n i t y  does n o t  a p p e a r  to  be a  c o n t r o l l i n g  f a c t o r  
i n  th e  f o r a m in i f e r a l  d i s t r i b u t i o n .  I t  sh o u ld  be b o rn e  i n  mind how ever, 
t h a t  m ost o f  th e  s p e c ie s  have been  re c o rd e d  from  a  wide ran g e  o f  
s a l i n i t i e s  (M urray 19&8, 1970).
(2 )  te m p e ra tu re :
The lo w e s t  bo ttom  w a te r  te m p e ra tu re  were re c o rd e d  in  M arch,
21
w ith  a  te m p e ra tu re  o f  6 .4 °C , th e  h ig h e s t  was 9«4°C in  December.
A ppendix T ab le  2 shows t h a t  th e r e  was l i t t l e  change i n  te m p e ra tu re  
betw een  d i f f e r e n t  d e p th s  a t  th e  same tim e o f  th e  y e a r .  I t  i s  th o u g h t 
t h a t  te m p e ra tu re  h a s  l i t t l e  b e a r in g  on th e  d i s t r i b u t i o n  o f  th e  F o ra -  
m in i f e r a .
(3 )  JEg:
The ran g e  e n c o u n te re d  (8 -  8 .7 )  i s  w e ll w ith in  th e  l i m i t s  t o l e r ­
a te d  by th e  m a jo r i ty  o f  o rg an ism s; Moore (1931) a ls o  found  l i t t l e  
v a r i a t i o n  i n  pH. Thus t h i s  f a c t o r  i s  n o t  c o n s id e re d  im p o r ta n t .  Appendix 
T ab le  3«
(4 )  oxygen c o n te n t ;
The oxygen c o n te n t  o f  th e  bo ttom  w a te r  was a n a ly se d  a t  f o u r te e n  
s t a t i o n s .  The r e s u l t s  ran g e  from  5*6 to  8 .3  m l . / l . ,  w ith  lo w e r v a lu e s  
i n  d e e p e r  w a te r ,  and th e  h ig h e r  v a lu e s  in  sh a llo w  w a te r  where c u r r e n t  
a c t i o n  p re d o m in a te s . However,' even th e  lo w e s t  v a lu e  i n d i c a t e s  a  
t o t a l l y  a d e q u a te  s u p p ly  o f  oxygen , so i t  seems u n l ik e ly  t h a t  t h i s  
a f f e c t s  th e  d i s t r i b u t i o n  o f  th e  F o ra m in ife ra .
I t  may be im p o r ta n t  to  c o n s id e r  th e  oxygen c o n te n t  i n  th e  s e d i ­
m ent; u n f o r tu n a te ly  t h i s  was n o t p o s s ib le  i n  th e  p r e s e n t  s tu d y . Moore 
i n  1931 made a  com prehensive s tu d y  o f  th e  chem ical n a tu r e  o f  th e  mud 
i n  th e  C lyde Sea a r e a ,  in c lu d in g  th e  n i t r o g e n ,  p h o sp h a te , Ph, and 
oxygen c o n te n t .  A ppendix T ab le  3*
(5 )  ty p e  o f  sed im en t and d e p th  o f  w a te r :
These two a re  th e  m ain p h y s ic a l  f a c t o r s  upon which th e  th a n a to -  
to p e s  were e s t a b l i s h e d ,  and which were r e s p o n s ib le  f o r  th e  d i s t r i b u t i o n  
o f  th e  dead fa u n a  (C h a p te r  2 ) .  T h is same c o n c lu s io n  had been  re a c h e d  
by R o b e rtso n  (1 8 7 7 ). The L/D r a t i o s  and th e  d i s t r i b u t i o n  o f  th e  l i v i n g  
fa u n a  a re  a ls o  g r e a t ly  in f lu e n c e d  by th e s e  two f a c t o r s .  T h an a to to p es  
I I ,-  I I I ,  V II , and V II I  from  sh a llo w  sandy se d im e n ts  a re  c h a r a c te r iz e d  
by a  h ig h  L/D r a t i o  (A ppendix T able 5 ) .  There i s  a  g e n e ra l  c o r r e l a t i o n
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betw een  th e  d i s t r i b u t i o n  o f  th e  l i v i n g  and dead form s w ith in  th e s e  
th a n a to to p e s .  In  d e e p e r  m udd ier w a te r s ,  how ever, th e  L/D r a t i o  
(A ppendix T ab le  5) i s  v e ry  low  and i t  i s  n o t  p o s s ib le  to  r e c o g n iz e  i n  
th e  l i v i n g  F o ra m in ife ra  th e  th a n a to  to p e s  e s ta b l i s h e d  by th e  dead  f a u n a . 
From th e  l i v i n g  F o ra m in ife ra  i t  i s  o n ly  p o s s ib le  to  re c o g n iz e  a  s in g le  
fa u n a  from  d e e p e r  (a v e . 42 -  44 m .) muddy s e d im e n ts . I t  may be t h a t  
th e  low num bers o f  l i v i n g  specim ens from  deep w a te r  p re v e n ts  th e  re c o g ­
n i t i o n  o f  d i s t i n c t  f a u n a s .
F a c to r s  t h a t  m igh t have d i s t o r t e d  th e  L/D r a t i o :
(1 )  R ew orking o f  f o s s i l s ;
Rew orking o f  f o s s i l  t e s t s  from  p re v io u s  en v ironm en ts  c o u ld  g iv e  
a  h ig h  p r o p o r t io n  o f  dead t e s t s .  I n  th e  c o n te x t  o f  th e  F i r t h  o f  C lyde, 
th e  p o s s ib le  f o s s i l  t e s t s  would be P le is to c e n e  i n  age (G o o d le t, 1970)- 
I n  t h i s  s tu d y  i t  seems u n l ik e ly  t h a t  f o s s i l  m a te r ia l  h a s  been  c o l l e c t ­
e d , f o r  th e  fo llo w in g  r e a s o n s :
( a )  The s u r f a c e  se d im e n ts  d e p o s ite d  r e c e n t ly  have a  th ic k n e s s  v a ry ­
in g  from  0 - 1 0  cm. i n  th e  sh a llo w  w a te r ,  w ith  g r e a t e r  th ic k n e s s  
i n  th e  d e e p e r  w a te r  (Deegan je t a l . 1973)  • I t  i s  u n l ik e ly  t h a t  
th e  Van Yeen Grab u se d  in  sam p ling  co u ld  have p e n e tr a te d  to  th e  
P le is to c e n e  se d im e n ts .
(b )  M ost o f  th e  s p e c ie s  r e p r e s e n te d  i n  th e  e ig h t  th a n a to to p e s ,  i n ­
c lu d in g  th e  t h i r t e e n  common s p e c ie s ,  a re  s t i l l  l i v i n g  i n  th e  
a r e a .  Even th e  s p e c ie s  t h a t  were n o t  r e p re s e n te d  by l i v i n g  
specim ens had  t e s t s  i n  a  good s t a t e  o f  p r e s e r v a t io n  w hich makes 
i t  u n l ik e ly  t h a t  th e y  have been  rew orked from  p re v io u s  e n v iro n ­
m ents .
(2 )  T r a n s p o r ta t io n :
The h ig h  p e rc e n ta g e  o f  dead F o ra m in ife ra  i n  th e  deep w a te r  
co u ld  p e rh a p s  be a t t r i b u t e d  to  t r a n s p o r t a t i o n  o f  t e s t s  from  s h a llo w e r
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w a te r .  T h is  seems u n l ik e ly  though , "because th e  common sh a llo w  w a te r  
s p e c ie s  such  a s  T. s a g i t t u l a . _Q. sem inulum , R. g lo b u la r  i s , CJ. l o b a tu lu s  
and E lph id ium  s p e c ie s  e x c e p t E. excavatum , a re  a b s e n t from  th e  deep 
w a te r  th a n a to to p e s .  The w e l l-p re s e rv e d  t e s t s  o f  th e  deep w a te r  s p e c ie s  
i s  f u r t h e r  ev id e n c e  a g a in s t  t r a n s p o r t a t i o n .
(3 )  The sam p ling  m ethod:
I t  i s  w e ll known t h a t  m ost l i v i n g  form s a re  r e s t r i c t e d  to  th e  
to p  one c e n t im e t r e  o f  th e  se d im e n t. The sam ples from  th e  b o a t  were 
c o l l e c t e d  w ith  a  Van Veen G rab. T his g rab  c o l l e c t s  se d im e n ts  from  
s e v e r a l  c e n t im e tre s  d e p th , th e re b y  in c o r p o r a t in g  a  v a s t  number o f  
dead  sp ec im en s . I t s  c lo s u re  was n o t alw ays p e r f e c t  so t h a t  w ashing  
o f  m a te r i a l  to o k  p la c e  d u r in g  t r a n s i t  to  th e  s u r f a c e .  F i n a l l y ,  th e  
se d im e n ts  were em ptied  in to  p l a s t i c  b a s in s  r e s u l t i n g  i n  a  g r e a t  d e a l  
o f  d is tu r b a n c e  and m ix ing  o f  th e  se d im e n t. Thus i t  was im p o s s ib le  to  
sam ple o n ly  th e  to p  l a y e r  o f  th e  se d im e n t, and becau se  o f  t h i s  th e  
sam ples c o n ta in e d  a  much h ig h e r  p ro p o r t io n  o f  dead t e s t s ,  com pared 
w ith  th o s e  c o l l e c t e d  from  th e  s u r f a c e  sed im en t o f  th e  i n t e r t i d a l  f l a t  
zone by u s in g  th e  known a re a  method w hich gave a  v e ry  c lo s e  c o r r e l a ­
t i o n  betw een th e  l i v i n g  and dead fau n a  (T ab le  5 )«  I t  i s  a lso  known 
t h a t  th e  Van Veen Grab goes i n  d e e p e r  i n  muds th an  in  s a n d s , and t h i s  
may a c co u n t f o r  lo w er L/D r a t i o s  i n  th e  muds.
(4 )  R a te  o f  s e d im e n ta t io n :
R ate  o f  s e d im e n ta tio n  co u ld  e x e r t  an in f lu e n c e  o n 'th e  p r o p o r t io n  
o f  th e  l i v i n g  and dead t e s t s .  T his was d is c u s s e d  by W alton (1 9 5 5 ), 
who d e v is e d  a  fo rm u la  which co u ld  be a p p lie d  in  such  c a s e s :
L iv in g  p o p u la t io n
L/D -  -----------------------------  x 1°°
Dead p o p u la t io n
In  th e  p r e s e n t  s tu d y  t h i s  fo rm ula  showed t h a t  th e  L/D r a t i o s  
v a ry  from  0 where no l i v i n g  s p e c ie s  were e n c o u n te re d , to  a  maximum o f
24
38 . The low r a t i o  r e p r e s e n ts  th e  th a n a to to p e s  coming from  th e  deep 
w a te r ,  and th e  h ig h  r a t i o  r e p r e s e n ts  th o se  coming from  th e  sh a llo w  
w a te r  (A ppendix T able 5)»
T h is  m igh t be ta k e n  to  s u g g e s t  t h a t  f a s t e r  s e d im e n ta tio n  o c c u rs  
i n  sh a llo w  w a te r  th a n  in  deep w a te r . Moore i n  1931 had  re a c h e d  t h i s  
c o n c lu s io n  c o n c e rn in g  th e  r a t e  o f  s e d im e n ta tio n  i n  th e  Clyde a r e a .  
However, th e  g r e a t e r  th ic k n e s s  o f  s u r f a c e  sed im en t i n  th e  deep w a te rs  
com pared w ith  th e  sh a llo w  w a te rs  as r e p o r te d  by Deegan ^ t  a l .  (1973) 
w ould s u g g e s t  th e  o p p o s i te .  M urray (1973 , P»14) p o in te d  o u t  th e  d i f f i ­
c u l t i e s  i n  com paring L/D r a t i o s  w ith  r a t e  o f  s e d im e n ta tio n ;  th e  con­
c lu s io n s  n o te d  h e re  do n o t  su g g e s t  a  s im p le  r e l a t i o n s h ip  betw een  
th e s e  tw o .
Summary and C o n c lu s io n :
From th e  s tu d y  o f  th e  f o r a m in i f e r a l  c o n te n t ,  and exam in ing  th e  
se d im e n ts  o f  th e  s e v e n ty - fo u r  sam p les , which were c o l l e c te d  from  th e  
c e n t r a l  p a r t  o f  th e  F i r t h  o f  C lyde, th e  fo llo w in g  p o in ts  c o u ld  be 
draw n: -
(1 )  The sed im en t which f lo o r s  th e  a r e a  can  be c l a s s i f i e d  i n to  seven  
d i v i s i o n s  a c c o rd in g  to  th e  g r a in  s iz e  and th e  p e rc e n ta g e  o f  th e  d i f f e r ­
e n t  g r a in  s i z e s .  These d iv i s io n s  a re  g r a v e l ,  sandy g r a v e l ,  g r a v e l ly  
s a n d , san d , muddy san d , sandy mud, and mud.
(2 )  The t o t a l  p o p u la t io n  o f  th e  F o ra m in ife ra  was found to  b e lo n g  to
f i f t y  s p e c ie s ,  t h i r t e e n  o f  them were p red o m in an t, c o n s t i t u t i n g  "j6fo o f
th e  t o t a l  p o p u la t io n . (A ppendix T ab le  6 ) .  The a d d i t io n a l  t h i r ty - s e v e n  
s p e c ie s  com prised  24% o f  th e  t o t a l  p o p u la t io n .
(3 )  From c o u n tin g  th e  t o t a l  p o p u la t io n  and o b s e rv in g  th e  F o ra m in ife ra  
w hich a re  p r e s e n t  i n  th e  sam ple , th e  l i v i n g  in d iv id u a ls  showed a  v e ry  
low  abundance compared w ith  th e  d ead , p a r t i c u l a r l y  i n  w a te r  g r e a t e r  
th a n  25 m. d e p th ;  t h i s  c o u ld  be a t t r i b u t e d  to  th e  fo llo w in g :
( a )  The la c k  o f  oxygen i n  th e  se d im e n ts , p a r t i c u l a r l y  i n  th e  mud 
which comes from  th e  deep w a te r  (Moore 1931)*
(b )  The sam p lin g  method (Van Veen G rab).
(4 )  C lu s te r  a n a ly s i s  u s in g  J a c c a r d 's  C o e f f ic ie n t  i n d ic a te s  e ig h t  
th a n a to to p e s  amongst th e  s i x t y - f i v e  s t a t i o n s  y ie ld in g  F o ra m in ife ra .
N ine s t a t i o n s  were b a r r e n ,  t h e i r  sed im en t b e in g  g r a v e l .
(5 )  The d i s t r i b u t i o n  o f  l i v i n g  F o ra m in ife ra  from  sh a llo w  w a te r  
c o u ld  be r e l a t e d  to  th e  fo u r  sh a llo w  w a te r  th a n a to to p e s  re c o g n iz e d  in  
th e  dead  specim ens; i t  was n o t p o s s ib le  to  c o r r e l a t e  th e  l i v i n g  
specim ens from  d e e p e r  w a te r  w ith  th e  f o u r  deep w a te r  th a n a to to p e s  
re c o g n iz e d  from  dead specim ens; o n ly  one g e n e ra l  deep w a te r  fau n a
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c o u ld  be re c o g n iz e d .
(6 )  The two m ain f a c t o r s  r e s p o n s ib le  f o r  th e  d i s t r i b u t i o n  o f  th e  
dead  and l i v i n g  F o ra m in ife ra  a re  ty p e  o f  sed im en t and d e p th  o f  w a te r .  
The oxygen c o n te n t  o f  th e  sed im en t may a ls o  be o f  im p o rta n c e .
(7 )  The m ain s p e c ie s  d o m in a tin g  w a te rs  more th an  ab o u t 30 m. deep 
i s  E. s c a : :b ra .
(8 )  The d i v e r s i t y  i s  g e n e r a l ly  low , show ing a  r e l a t i o n s h ip  to  th e  
ty p e  o f  sed im en t and d ep th  o f  w a te r ;  th a n a to to p e s  r e p r e s e n t in g  th e  
sh a llo w  w a te r  sands and g r a v e l ly  sands ( I I  and I I I )  showed a  h ig h  
d i v e r s i t y  (ra n g e  from  «< = 4 to  = 9) compared w ith  th o se  from  th e  
deep  w a te r  muddy se d im e n ts , which have a  low  d i v e r s i t y  (ra n g e  from  
c< = -1  to  = 4) •
(9 )  The s p e c ie s  re c o rd e d  from  th e  a re a  showed a  h ig h  d eg ree  o f  
s i m i l a r i t y  to  th o se  found i n  o th e r  p la c e s  around th e  B r i t i s h  I s l e s ,  
( e . g .  P lym outh r e g io n ,  M urray 1965), (C h r is tc h u rc h  H arb o u r, M urray, 
1968), (W estern  A pproaches to  th e  E n g lish  C hannel, M urray, 1970), and 
(C a rd ig a n  Bay, H aynes, 1973)•
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SYSTEMATICS
The nomenclature of Murray (1971) has been followed in this 
report. Since the publication of Murray’s work an important study 
by Haynes (1973) has appeared, which differs from Murray in certain 
respects. Haynes created a new genus Eggerelloides, genotype E. 
scarbra. Thus the species referred to here as Eggerella scarbra 
should be called Eggerelloides scarbrum. Elphidium articulatum and 
E. excavatum have often been confused. As stated by Murray, they 
inhabit distinct environments and a close study of the test easily 
separates the two. This is borne out in the present study; E. 
articulatum is found on sandy tidal flats, E. excavatum having a 
much wider range. The species here described as E. articulatum is 
probably synonymous with a new species described by Haynes as E. 
williamsoni, and E. excavatum may be Bayne’s E. selseyense (Heron- 
Alien & Earland). However, this introduces taxonomic problems beyond 
the scope of this work, so, as stated before, the usage of Murray has 
been followed.
APPENDIX








31 3 3 .0 33 .5
32 32 .2 33 .5
33 3 2 .0 33 .5
34 32 .7 33-9
35 33 .5 33*5
36 32 .5 33 .3
37 32 .5 33 .4
38 32 .7 33 .6
39 32 .5 33 .2
40 31 .2 3 3 .0
41 31 .2 3 3 .0
42 31.6 33.1
43 3 1 .4 3 3 .0
44 3 1 .4 3 2 .0
45 3 1 .0 3 3 .0
46 30 .8 32 .2
47 30 .5 32 .2
48 3 1 .0 3 2 .0
49 3 1 .0 3 2 .0
50 3 1 .4 33-0
51 30 .5 33*3
52 3 2 .0 33 .6
53 31 .5 33 .2
54 32 .8 32 .9
55 33 .0 33.2
56 32 .9 3 3 .0
57 32 .8 3 2 .0
58 32 .8 3 3 .0
59 32 .8 3 3 .4
60 32 .7 32 .5
61 32 .4 33 .2
62 32 .7 3 3 .4
63 32 .8 33 .2
A verage 32 33
30
T ab le  2 . S u rfa c e  te m p e ra tu re , deep te m p e ra tu re , and d e p th  o f  w a te r  
in  th e  d i f f e r e n t  sam p ling  s i t e s .
S t a t i o n
Number
S u rfa c e  
tem p .( C)
Bottom  
tem p .(°C )
Depth o f  
w a te r  (m)
D ate  o f  
M easurem ents
31 8 .6 9 .6 40
32 8 .6 9 .8 35
33 8 .4 9 .8 70
34 9 .6 9 .8 65
35 9 .0 9 .9 75 3 /1 2 /7 3
36 9 .8 ' 9 .9 25
37 9 .8 10 .0 35
38 9 .8 9 .9 30
39 9 .8 9 .9
40 6 .8 7 .0 38
41 6 .3 6 .7 47
42 6 .3 6 .7 39
43 6 .3 6 .4 5
44 6 .3 6 .8 34








12 3 /  3 /74
48 6 .2 6 .7 15
49 6 .2 6 .7 16
50 6 .2 . 6 .6 25
51 6 .2 6 .7 42
52 6 .2 6 .5 60
53 6 .2 6 .6 34
54 8 .0 8 .0 8
55 8 .2 7 .6 32
56 8 .9 8 .0 3
57 8 .3 7 .4 45
58 8 .4 7 .6 30 8 /  5 /7 4
59 8 .4 7 .6 35
60 8 .2 7 .4 78
61 8 .4 7 .8 54
62 8 .6 7 .6 42
63 8 .2 7 -4  • 43
A verage
tem p. 7 .7 7 .8
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23 8 .2 6 .2
28 8 .1 6 .2
30 8 .1 5 .6
40 8 6 .9
42 8 6 .9
44 8 6 .9
48 8 6 .9
51 8 6 .9
55 8 8 .3
57 8 8 .3
59 8 8 .2
64 8 .3 8 .3
66 8 .4 8 .3
69 8 .4 8
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Table 4 . Type of sediments, depth of water, and the sampling 
devise used in collecting samples from the different 
sampling sites
------- ■" ...... . 1 r
Station
















14 Sandy mud 45




19 Gravelly sand 2
20 Gravelly sand 10
21 Sandy mud 35
22 Sandy mud 65
23 Muddy sand 115
24 Gravelly sand 35
25 Gravelly sand 25
26 Sand 12
27 Sandy mud 98
28 Sandy mud 48
29 Gravelly sand 11
30 Gravelly sand 19
31 Sandy mud 46
32 Mud 35
33 Mud 70
34 Sandy mud 65
35 Sandy mud 75
36 Sandy mud 25
37 Mud 35
38 Sandy mud 30
39 Gravel 5
40 Gravelly sand 38
41 Sandy mud 47
42 Sandy mud 39
43 Gravelly sand 5
44 Mud 34
45 Mud 50
46 Gravelly sand 13
47 Muddy sand 12
48 Muddy sand 15
49 Muddy sand 16
50 Sandy mud 25
35
T able 4 
(C on tinued )
Station
Number Type of sediment
Depth of 
water (m)
51 Sandy mud 42
52 Mud 60





58 Sandy mud 30
59 Sandy mud 35
60 Sandy mud 78
61 Sandy mud 54
62 Mud 42












* These samples were collected from the intertidal zone 
using the known area method. All the other samples 
were collected by the Van Veen Grab.
Table 5 . Number of living and dead Foraminifera, L/D ratio, type 
of sediment, and the depth of water in each of the 











L/D Type of Sediment
Depth of 
Water (m)
14 0 316 0 M 45
53 10 257 4 SM 34
T 50 32 1005 3 SM 25X
59 4 329 1 SM 35
34 4 252 2 SM 65
52 0 180 0 SM 60
8 44 1974 2 S 14
24 53 416 10 GS 35
5 12 348 3 S 34
20 33 629 5 GS 10
26 6 289 2 S 12
40 7 1165 1 GS 38
2 12 150 8 S 16
4 96 2106 5 S 25
11 30 60 1145 5 GS 19
3 13 40 32 S 10
29 10 281 4 GS 11
6 5 184 3 GS 33
46 54 1297 4 GS 13
25 26 469 6 GS 25
43 40 1666 2 GS 5
7 33 5355 1 S 26
54 7 197 4 S 8
55 20 424 5 S 32
57 25 386 6 S 45
17 8 249 3 S 10
18 10 198 5 GS 4














67 2 25 8 S 0
61 0 130 0 SM 54
15 1 418 0 SM 30
IV 63
0 125 0 SM 43
62 0 155 0 M 42
13 0 861 0 M 46
37 0 112 0 M 35
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Table 5 • (Continued)
T h a n a to -  
to p e  
Number
S ta t i o n
Number
No. 
o f  L iv in g  
Foram.
No. 
o f  Dead 
Foram.
L/D Type o f  Sediment
Depth o f  
W ater (m)
28 0 233 0 SM 48
33 0 65 0 M 70
36 0 59 0 SM 25
58 2 378 0 SM 30
22 37 680 5 SM 65
16 0 212 0 M 24
60 16 331 5 SM 78
38 1 227 0 SM 30
31 2 280 0 SM 40
V 32 0 245 0 M 35
41 0 380 0 SM 47
35 5 229 2 SM 75
42 0 343 0 SM 40
9 10 1948 0 M 25
10 48 5669 1 M 43
11 32 6 238 1 M 45
12 0 746 0 M 44
44 36 895 4 M 34
45 10 765 1 M 50
51 39 599 7 SM 42
VI
21 19 726 3 SM 35
27 0 80 0 SM 98
48 95 629 1 MS 15
VII 49 60 730 8 MS 16




















T o ta l 1,576 48,947
N.B. S stands for sand, MS for muddy sand, SM for sandy mud, 
M for mud, and GS for gravelly sand.
Table 6. Total counts of living and dead Foraminifera collected 
in all the sampling stations.
Species No. of living No. of dead
Eggerella scarbra 178 16155
Textularia sflgittula 48 5331
Buliminella elegantissima 410 2656
Ammonia beccarii 154 1989
Elphidium articulatum 180 1957
Rosalina globularis 57 1713
Elphidium crispurn 136 1559
Elphidium excavatum 40 1393
Quinqueloculina seminulum 50 1234
Elphidium magellanicum 40 1210
Cibicides lobatulus 28 965
Bulimina marginata 24 904
Reophax fusiforms 5 364
Total 1 ,350 37 ,430
PLATES
E x p la n a tio n  o f  P l a te  1
Numbers refer to catalogued numbers of Hunterian Museum, 
L => maximum length; D * maximum diameter.
All measurements are in millimetres.
Suborder TEXTULARIINA
1. Reophax fusiform (Williamson)
L = 0.57, x 75 P750
2. Reophax scottii (Chaster)
L - 0 .6 5 , x 65 P751
3. Reophax scorpiurus (Montfort)
L - 0.47, x 85 P752,
4. Ammoscalaria pseudospiraliss (Williamson)
L - 0 .7 6 , x 75 P755
5. Ammoscalaria runiana (Heron, Allen and Earland) 
I) = 0 .4 7 , x 85 P754
6• Miliammina fusca (Brady)
L = 0 .6 8 , x 75 P755
7. Cribrostomoides .jeffreysii (Williamson)
B - 0.38, x 150 P756
8. Trochammina ochracea (Williamson)
D = 0.40, x 120 P757
9- Eggerella scarbra (Williamson)
L = 0.86, x 65 P758
10. Textularia sagittula (Befranee)
0 .6 , x 75 P759
11. Textularia pseudorugosa (Lacroix)
L = 0.8, x 80 P76O
Textularia earlandi (Parker)
L - 0 .7 , x 65 P761
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E x p la n a tio n  o f  P l a te  2
Suborder MILIOLINA
1. C yclogyra  in v o lvens (R euss)
D -  0 .2 4 , x 150 P762
2 . Q ,u inquelocu lina  seminulum  (L in n e )
L = 1, x 60 P763
3 . Q u in q u e lo c u lin a  b i c o m is  (W alker and Ja co b ) 
L = 0 .8 ,  x 35 P764
4 . S p i r o lo c u l in a  e x c a v a ta  (d 'O rb ig n y )
L -  0 .7 4 , x 70 P765
5 . S p i r o lo c u l in a  c f .  S .ro tu n d a  (d 'O rb ig n y )
L = 0 .9 7 , x 38 P766
6 . M i l i o l i n e l l a  su b ro tu n d a  (Montagu)
L * 0 .4 4 , x 70 P767
7 . T r i l o c u l in a  s p . (d 'O rb ig n y )
L = 0 .7 ,  x 65 P768
8 . Pyrgo w illia m s o n i ( S i l v e s t r i )
L -  0 .7 ,  x 65 P769
9 . Pyrgo d e p re s s a  (d 'O rb ig n y )
L = 0 .4 5 , x  70 P770
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PLATE 2
E x p la n a tio n  o f  P l a te  5
S u b o rd e r RQTALIINA
1» Am phicoryna c f .  A . s c a la r i s  (B a tsch ) 
L -  0 .3 8 , x 170 P771
2 . D e n ta lin a  s u b a rc u a ta  (Montagu)
L = 0 .9 ,  x  43 P772
3* Po lym orph ina a c u ta  ( d ’O rbigny)
L * 0 .7 1 , x 70 P773
4 . Lagena i n t e r r u p t a  (W illiam son )
L * 0 .4 3 , x 140 P774
5 . Lagena s u b s t r i a t a  (W illiam son)
L -  0 .5 6 , x 80 P775
6* Lagena s u l c a t a  (W alker and Jaco b )
L = 0 .3 3 , x 160 P776
7 .  Lagena s e m i s t r i a t a  (W illiam son)
L -  0 .4 ,  x  150 P777
8. Lagena clavata (d’Orbigny)
L -  0 .5 6 , x  65 P778
9 . L e n t ic u l in a  p e re g r in a  (Schw ager)




E x p la n a tio n  o f  P la te  4
S uborder ROTALIINA
1. G lo b u lin a  g ib b a  (d 'O rb ig n y )
L -  0 .6 6 , x 80 P780
2* P o l in a  hexagona (W illiam son)
L = 0 .2 3 , x 150 P781
3 . F i s s u r i n a  l u c id a  (W illiam son)
L = 0 .2 4 , x 150 P782
4 . P o l in a  squam osa (M ontagu)
L = 0 .2 1 , x 170 P783
5 . F i s s u r in a  o rb ig n y a n a  (Seguenza)
L = 0 .5 ,  x 140 P784
6 . B u l im in e l la  e le g a n tis s im a  (d 'O rb ig n y )
L = 0 .3 1 , x 160 P785
7 . B r i z a l in a  s p a th u la ta  (W illiam son)
L = 0 .1 8 , x 80 P786
8 . B u lim ina  g ib b a /e lo n g a ta  (F o m a s in a  and d 'O rb ig n y  r e s p e c t iv e ly )  
L = 0 .3 6 , x 180 P787
9 . B u lim ina  m a rg in a ta  (d 'O rb ig n y )




E x p la n a tio n  o f  P l a te  5
S u b o rd e r ROTALIINA
E lph id ium  a r t ic u la tu m  (d 'O rb ig n y )
D = 0 .5 2 , x 85 P789
E lph id ium  excavatum  (Terquem)
D = O .3 9 , x  130 P790
E lph id ium  crispurn  (L in n e)
D = 0 .6 6 , x 65 P791
C rib ro e lp h id iu m  s p . (Cushman and Bronnim ann)
D = 0 .5 3 , x 80 P792
P la n o rb u l in a  m e d i te r ra n e n s is  (d 'O rb ig n y )
D = 0 .3 ,  x 140 P793
E lph id ium  m agellan icum  (Heron A lle n  and E a r l  and) 




E x p la n a tio n  o f  P l a te  6
Suborder ROTALIINA
1 . R o s a lin a  g lo b u la r i s  (d 'O rb ig n y )
D -  0 .4 2 ,  x 75 P795
2 .  A s t e r ig e r in a t a  m am illa  (W illiam son ) 
d o r s a l  v iew , L = 0 .3 9 , x 130 P796
3 . Ammonia b e c c a r i i  (L inne)
ventral view, D = 0.66, x 65 P797
4* A s te r ig e r in a t a  m am illa  (W illiam son )
l a t e r a l  v iew , L = 0 .3 9 , x 130 P798
5* Ammonia b e c c a r i i  (L inne')
dorsal view, D = 0.66, x 65 P799
6 . C ib ic id e s  lo b a tu lu s  (W alker and Ja c o b )  
d o r s a l  v iew , D = O.6 4 , x 85 P800
7 . C ib ic id e s  lo b a tu lu s  (W alker and Ja c o b )  
v e n t r a l  v iew , D = O.6 4 , x 85 P801
C ib ic id e s  p se u d o u n g e rian u s  (Cushman) 
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